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Mortality and cancer morbidity in cohorts of asbestos
cement workers and referents

M Albin, K Jakobsson, R Attewell, L Johansson, H Welinder

Abstract
Total and cause specific mortality and cancer
morbidity were studied among 1929 asbestos
cement workers with an estimated median
cumulative exposure of 2-3 fibre (f)-years/ml
(median intensity 1-2 f/ml, predominantly
chrysotile). A local reference cohort of 1233
industrial workers and non-case referents
from the exposed cohort were used for com-
parisons. The risk for pleural mesothelioma
was significantly increased (13 cases out of 592
deaths in workers with at least 20 years
latency). No case of peritoneal mesothelioma
was found. A significant dose response relation
was found for cumulative exposure 40 years or
more before the diagnosis, with a multi-
plicative relative risk (RR) of 1-9 for each
f-yearlml. No relation was found with duration
of exposure when latency was accounted for.
There was a significant overrisk in non-malig-
nant respiratory disease (RR= 2 6). The overall
risks for respiratory cancer, excluding
mesothelioma, and for gastrointestinal cancer
were not significantly increased. Surprisingly,
colorectal cancer displayed a clear relation
with cumulative dose, with an estimated
increase of 1-6% in the incidence density ratio
for each f-yearlml (but not with duration of
exposure).

Information on dose response relations for asbestos
related disease is limited, especially for exposure to
low doses and in relation to gastrointestinal cancer.
Several studies have implied important differences at
the same intensity of exposure between different
industrial branches.' Even within the asbestos
cement industry, appreciable differences in the

slopes of dose response curves have been found in
different plants.2 The reason for this is still not clear,
but it is of considerable interest as the asbestos
cement industry uses about 70% of the world
asbestos production.3
For studies on low dose exposure, presumably

dealing with small increases of risk, validity of the
comparison between exposure and non-exposure is
vital. Therefore, the national general population is
probably not an adequate comparison group.
Moreover, death rates for such a comparison are
usually available only for the last decades, and
thereby important information about the experience
over time may be lost.
This study presents total and cause specific mor-

tality stratified by age, calendar time, cumulative
dose, and duration of employment during the period
1927-86 for cohorts of asbestos cement workers
compared with industrial workers not exposed to
asbestos cement. We also report results from a nested
case referent study of mesothelioma cases, matched
for confounding factors, using multivariate methods
for the modelling of exposure and latency.

Material and methods
THE PLANT
The plant, situated in the south of Sweden, operated
during 1907-78 producing sheets, shingles, ventila-
tion pipes, and various hand moulded details. The
asbestos handled was mainly chrysotile (> 95%) and
smaller amounts of crocidolite and amosite.
Crocidolite was used before 1966 but only for sheets.
The amounts used from 1953 were less than 1% and
never exceeded 3-4% of the total use of asbestos.
Amosite (maximum < 18% total use) was used for a
few years during the 1950s.

Fibre length classes were ofthe commercial grades
3-7. All types of asbestos were milled before mixing.
Only small principal changes in formula or machin-
ery occurred over the history of the plant. One was
changing from dry to wet milling in 1952, which
made it possible to use shorter fibres. There was also
an increasing automation ofthe process and additions
ofmachinery for processing the products. Systematic
efforts to reduce dust concentrations started in the
second half of the 1960s.
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Dust measurements are available for the period
1956-77. The membrane filter method was used
from 1969. Before that, only impinger or gravimetric
determinations exist. The average dust exposures
(f/ml) for different jobs and periods have been
estimated from data on dust concentrations, produc-
tion, and dust control as averages over five calendar
years. Owing to insufficient information, the
estimates for 1947-51 have been used for the whole
period before 1942 when the production process, as
far as we know, was mainly the same. We are aware of
many tasks leading to high exposures in the early
period, but are not sure to what extent these may
affect the exposure for the group as a whole. A
general reduction in the dust concentrations was
assumed for the period 1942-5 as the shortage of
asbestos caused a reduction in its use.
Only millers, mixers, sawyers, and grinders (15-

2000 of the blue collar workforce) were continuously
exposed to greater than 2 f/ml of dust (table 1).
Occasional exposure to high dust concentrations
occurred during unloading and storing of asbestos
bags and performance of certain jobs before the
second world war. These tasks could not be related to
individual workers and were therefore not accounted
for. The Portland cement used had a low silica
content ( < 0 1 crystalline silica in the respirable
fractions).
The workforce reached a maximum in the mid

1960s with 450 employees. The turnover of staffwas
low as the factory was located in a small community.

EXPOSED COHORT
All male employees registered in the company per-
sonnel records for 1907-77 and employed for at least
three months were included in the cohort (2898
persons). Vital status was determined until 31
December 1986. The immigrant workers were lost to
follow up to a much higher degree than the Swedish
subjects (19 v 100), and formed a larger part of the

exposed than the reference cohort (33 v 11%). They
were, therefore, excluded from the cohort analysis.
Death certificates were obtained and recoded

according to the International Classification of Dis-
eases-8 (ICD-8) by the National Swedish Central
Bureau of Statistics, which is responsible for the
coding of all Swedish death certificates. The cohort
was matched with the regional (1958-86) and
national (1958-84) cancer registries. Individual dose
estimates could be calculated for 1503 of the 1929
Swedish workers. The median exposure intensity
was 1 2 f/ml. All available histopathological material
was reviewed for respiratory and gastrointestinal
cancers, and additional information was collected
from necropsy protocols. The reviewer was unaware
of the exposure status.

Formalin fixed and paraffin embedded blocks
were used for light microscopical and immunohisto-
chemical studies of the 13 pleural tumours. For light
microscopical studies, the slides were stained with
haematoxylin eosin, and in some cases also Van
Gieson, PAS + /- diastase and Alcian Blue (pH 2 5)
+ /-hyaluronidase. Two coincident tumours in two
patients were also examined. The mesotheliomas
were classified according to the 1982 World Health
Organisation classification of lung carcinomas.4

In 12 cases sufficient material for immunohisto-
chemical examination was available. The following
antibodies were used: epithelial membrane antigen
(EMA), vimentin, carcinoembryonic antigen (CEA),
desmin (DAKO, Copenhagen, Denmark), cyto-
keratin AE1/AE3 (Hybritechs, San Diego, Califor-
nia), and CAM 5-2 (Becton & Dickinson, Lonbard,
Illinois). The staining was scored 0 to 2 (absent,
weak, or strong).

REFERENT COHORT
A reference cohort was formed by combining sub-
cohorts (a total of 1552 persons) from five different
industries in the region (fertiliser production,

Table I Average measured* and estimated concentrations of total dust, particles, andfibres in air during different work
processes

1956 196s 1969 1975

Job Particiest Total dust: Fibres§ Particlest Particiest Fibresll Total dust: Total dust$ Fibresll
assignment (mppcf) (mg/m3) (f/ml) (mppcf) (mppcf) (f/ml) (mg/m') (mg/m3) (f/ml)

Milling 15 6-7 6-0 21 11 5-0 3-3 4-5 1-7
Mixing 29 5-5 3 0 4 3 0-3 - 5-0 1-3
Machine line 8 - 1-5 11 2 0-3 0-5 2-3 0 9
Sawing 24 2 8 40 16 9 1-7 2-5 45 1-2
Grinding 47 0 7 6-3 45 9 - - 4-0 1-5

*Personal sampling, except total dust in 1956.
tImpinger method.
tGravimetric method.
§Estimated time weighted averages from data on dust concentrations, production, and dust control used for the dose calculations.
IlMembrane filter method.
mppcf= Million particles per cubic foot.
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slaughter house, wool and polyester textile, sugar

refinery, and metal industries) that were not known
to have processed asbestos. Workers who never-

theless held jobs with suspected exposure to asbestos
(electricians, carpenters, repairmen, bricklayers, and
firemen; a total of 142 persons) were excluded from
the analysis. The subjects finally included (1233
Swedish men) fulfilled the same requirements as the
asbestos cement workers. Vital status was estab-
lished, death certificates were coded, and tumours
were searched for in the cancer registries in the same
way as for the exposed cohort. Loss to follow up was

0-200.

STATISTICAL ANALYSIS

A direct comparison of the incidence density (deaths
per person-years) between the cohorts over calendar
time (1927-86) and age grouped in 10 year intervals,
was performed by Poisson regression modelling.56
The relative risk (RR; incidence density ratio,
exposed v referent) and the 95% confidence interval
(CI) were then estimated with simultaneous adjust-
ment for possible confounding by age and calendar
year. The cancer morbidity (1958-86) was analysed
in a similar way (but with five year intervals). A
minimum latency of 20 years since start of
employment (in both cohorts) was used in the
analysis. The data for the exposed cohort were
further subdivided according to the years worked
(and also total cumulative dose up to end of
employment) in order to test for dose response
relations. The mean employment time was used as a
covariate. For cumulative dose the median was used,
as the distribution was skew even within each
exposure category.

The dose response relations for pleural meso-

thelioma were also evaluated with a case-referent
study nested within the cohort. In this analysis, both
Swedish (one case excluded due to missing exposure

information) and immigrant workers (two additional
cases) were included. For each of the 14 cases, up to
five of the closest controls (11 complete sets) of the
same nationality, alive at the time of the diagnosis of
the case, and within four years of year of birth and
first employment were chosen. Within each matched
set, time was divided into the periods 0-9, 10-19, 20-
29, 30-39, and 40 years or more before the diagnosis
of the case. Within each period, the total cumulative
exposure, as well as average intensity and years

employed, were calculated. Conditional logistic
regression7 was performed using multiplicative
models ofRR with cumulative exposure or duration
or intensity of exposure or both, in each period as

continuous variables. Each latency period made a

separate contribution in order to identify the most
important period with respect to the diagnosis.

Results
OVERALL COMPARISON BETWEEN COHORTS

When compared with the reference cohort, the
exposed group had a significantly increased overall
and cause specific mortality from malignant and
other respiratory disease and from all malignancies.
The overall risks for heart disease (coronary and
unspecified) and for gastrointestinal cancer were not

increased (table 2).
The difference in respiratory cancer mortality

between the two cohorts was mainly due to a high
number of pleural mesotheliomas (13 of a total of 592

Table 2 Overall and cause specific mortality 1927-86 in cohorts of asbestos cement workers and referents (minimum latency
time since start of employment 20yearsfor both cohorts)

Cohort

Asbestos cement Referent Relative risk
(21 978 person-years) (10 910 person-years)
(n= 1465) (n= 762) Point estimate (95% CI)

All causes 592 279 1-2 (1-01-1-4)
Heart disease* 219 112 1 1 (0-861-4)
Non-malignant respiratory disease 56 13 2-6 (14-449)
All malignancies 164 58 1-6 (1-2-2-1)
Respiratory cancer: 47 10 2-5 (1-35-0)
Except mesothelioma 35 10 1-8 (0 90-37)
Mesotheliomat 13 1 7-2 (0-97-54)

Gastrointestinal cancer+: 49 22 1-2 (0 7-2 0)
Upper§ 23 12 1-0 (0 5-2 0)
Lowerll 26 10 1-5 (0 7-3 0)

External causes 37 20 0 9 (0-5-1-6)

*Ischaemic and unspecified (ICD-8: 410-429).
tDiagnosis based on histopathological review; one of the exposed and one of the referent cases were originally coded as non-malignant
and were therefore not included in the sum of all respiratory cancers (based on death certificates).
+ICD-8: 150-154.
§Oesophagus, stomach, duodenum.
IlColon and rectum.
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Table 3 Histopathological and immunohistochemicalfindings in 14 malignant mesotheliomas in Swedish asbestos cement
workers and referents

Antibody

Case No Subtype* Vimentin CAM 5 2 AEI/AE3 EMA CEA Desmin

Asbestos cement workers
1 Epithelial 1 2 2 2 0 -

2 Epithelial 0 2 0 2 0 -

.3 Epithelial 2 2 2 2 0 -

4 Mixed 1 2 2 1 0 -

5 Mixed 2 2 2 2 0 -

6ta - 0 2 2 2 2 -

b Mixed 2 2 1 2 0 -

7 Mixed 2 2 0 1 0 -

8 Mixed 1 2 1 1 0 -

9a - 2 0 0 - - 2
b Mixed 2 2 2 2 0 0

10 Mixed 2 2 2 2 0 -

11 Fibrous 2 0 0 0 0
12§ Fibrous - - - - -

13 Fibrous 1 2 1 2 0

Referents
14 Mixed 1 2 2 2 0
0 = Negative; 1 = weakly positive; 2 = strongly positive.
*World Health Organisation classification of mesothelioma.
tCase No 6; a = urothelial carcinoma in 1962; b = mesothelioma in 1967.
+Case No 9; a= myxofibrosarcoma in 1978; b= mesothelioma in 1985.
§Material for immunohistochemistry not available.

deaths) in the exposed cohort, diagnosed from the
histopathological review. One pleural mesothelioma
was found among the referents (a sugar refinery
worker). Table 3 gives the results of the histopatho-
logical and immunohistochemical examinations. No
case of peritoneal mesothelioma was found. The
death rates for the remaining respiratory cancers did
not differ significantly between the cohorts, but the
ratio was still close to two (table 2).

Cancer morbidity for the period 1958-86 showed a
similar pattem with an increased incidence for all
sites (RR= 1-3, 95% CI=1-0-1i7) and the res-
piratory tract (RR= 1-6, 95% CI =0-9-3-0; mainly

due to pleural mesotheliomas) in the exposed cohort.
One case of laryngeal carcinoma was found. The RR
for cancer in the upper gastrointestinal tract was less
than one (RR=0-9, 95% CI=0-5-1-8), but was
greater than one for the lower tract (RR= 1-7, 95%
CI = 0-9-3-4).

DOSE RESPONSE RELATIONS
Non-malignant respiratory disease
No dose response pattern was found between time of
employment and death from non-malignant res-
piratory disease. On the contrary, the RR was of a
similar magnitude and significantly raised in each

Table 4 RR stratified by cumulative dose of asbestos (f-years/ml) for overall and cause specific mortalityfor the period
1927-86 among 1118 asbestos cement workers compared with cohort of 762 referents (minimun latency time 20years)

Referents Asbestos cement workers

Cumulative dose All < 15f-years/ml 15-39f-yearslml 40 f-years/ml
Median/mean dose 0/0 2.8/13.0 1.4/3.1 24.2/25-6 67 0/88-2
Person-years 10 910 17 028 12 196 2934 1898

Noof Noof RR RR RR Slope
Cause of death deaths deaths (95% CI) (95% CI) (95% CI) p Value* (95% CI)t

Heart disease 112 173 1-1 (0-87-1-5) 0-9 (0-6-14) 1-2 (0-8-1-9) 0-7
Respiratory disease:
Non-malignant 13 46 2-8 (1-4-5-3) 2-7 (1-1-6-3) 3-3 (1-3-83) 0-1
Malignant 10 38 2-0 (0 92-4-2) 3-9 (1-7-9-1) 3-8 (1-4-10-5) 0-01 1-7 (0-5-2-9)%
Mesotheliomat 1 12 1-9 (0-2-21-3) 21-2(2-5-178) 22-8(2-4-212) 0004 3-7 (1-8-5-6)%
Except mesothelioma 10 27 1-8 (0-8-3-9) 1-9 (0 7-5 3) 1-9 (0-5-7-1) 0-5

Gastrointestinal cancer: 22 39 1-0 (0-6-1-8) 1-4 (0-6-3-1) 1-8 (0-8-4-2) 0-11
Upper 12 18 0-8 (0-3-1-8) 1-6 (0 6-4-4) 1-7 (0-2-3-3) 0 9
Lower 10 21 1-3 (0-5-2 9) 1-1 (0 3-3-9) 3-4 (1-2-9-5) 0-04 1-6 (0-2-3-1)%

All tumours 58 136 1-5 (1-05-2-1) 2-0 (1-3-3-1) 1-9 (1-1-3-2) 0-02 0-8 (0-2-1-5)%
All causes 279 466 1-2 (1-01-1-4) 1-2 (0-94-1-5) 1-3 (0-95-1-7) 0-2

*Two tailed p value.
tEstimated multiplicative percentage increase per f-year/ml.
tDiagnosis based on histopathological review; one of the exposed and one of the referent cases were originally coded as non-malignant
and were therefore not included in the sum of all respiratory cancers (based on death certificates).
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interval ( < one year, 2 4; 1-9 years, 2-6; 10-24 years,
3 5; > 25 years, 2 5). Analysis in relation to
cumulative dose showed an increasing trend, mainly
due to a generally increased risk when compared with
the referents (table 4).

Pleural mesothelioma
A highly significant dose response relation was found
between mortality from pleural mesothelioma and
duration of employment with an estimated multi-
plicative increase of 10 40" (950o CI=60-14-9) in
the incidence for each year ofemployment. The same
was found for cumulative dose (table 4). Three cases
were lost in the analysis of cancer morbidity due to a
shorter (later) period of observation, but the
estimated increase with duration ofemployment time
was similar to the one obtained for mortality; for
cumulative dose (where a further case was excluded)
it did not reach significance.
The nested case referent study, performed to

separate the effects of latency time and dose, showed
a significant time dependent dose response relation
between the RR and exposure (p=0 01, likelihood
ratio statistic). As to the risk related to exposure in a
certain period, a significant relation was found for
cumulative exposure of 40 years or more before the
diagnosis of the case, with an estimated multi-
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plicative risk of 1-9 for each f-year/mi, and a tendency
towards such a relation for cumulative exposure 30-
39 years before the case with a multiplicative risk
estimate of 1 1 for each f-year/ml (fig 1). No associa-
tion was found between risk of pleural mesothelioma
and duration of exposure when latency was accoun-
ted for in a similar way. Intensity was significant only
in the 40 years or more before the diagnosis after
adjustment for duration of employment and latency
(increase in RR= 2-7 per f/ml, p = 0 03).

Other respiratory cancers
After exclusion ofmesotheliomas, no significant dose
response relations for other respiratory cancers with
employment period or cumulated dose, were found
either for mortality or morbidity.

All respiratory cancers
As the number of diagnosed cases of mesothelioma
might be related to the availability of tissue and
necropsy rate, the dose response analysis was
repeated for the sum of all respiratory cancers. This
analysis showed a clearly increased risk with the
number of years worked (mortality is shown in fig 2;
morbidity, 3 0 (950o CI 1 0-5-1)% increase in rate
each year), but was less clear for mortality in relation

20-29 y 10-l9y 0-9y
p=0.3 p=0.7 p=0.3

otamt
2 4 6 8 0 2 4 6 8 0 2 4 6 8

Dose (f years/ml)

Figure I RRs (--- -) and 950% CIs (-) for cumulative dose estimated in each 10 year period before diagnosis of
mesothelioma (n = 14). Estimates were obtainedfrom a conditional logistic regression analysis in which previous and
subsequent exposure were adjusted for.
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Figure 2 Death rate and corresponding RRfrom all
respiratory cancers (1927-86) v exposure timefor 1454
asbestos cement workers and 762 referents (time 0) with a
minimum of 20years latency time. Squares and dashed line
are derivedfrom Poisson regression models adjustedfor
calendar period, age, and duration ofemployment and are
shown for 1947-56 and age group 5SO59. Slope estimate is
3-6% (95% CI1 7-55) a year.

to cumulative dose (table 4; nine cases without dose
estimates; morbidity, 1-5 (95% CI 0-2-2 8)%
increase each f-year/ml).

Upper gastrointestinal tract
Cancer mortality and morbidity in the upper gastro-
intestinal tract (oesophagus, stomach, and
duodenum) showed no dose response relation with
duration of employment or cumulative dose.

ul 0.5-

2 -

c 0.4-
0
i0

4L
m 03-
0

0

0o

a.

,
0.1-

0 -J

0___--''0

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Cumulative dose (f years/ml)

Figure 3 Death rate and corresponding RRfrom colorectal
cancer (1927-86) v cumulated dosefor 1118 asbestos cement
workers and 762 referents (dose 0) with a minimum of 20
years latency time. Squares and dashed line are derivedfrom
Poisson regression models adjustedfor calendar period, age,
and dose, and are shown for 1947-56 and age group 50-59.
Slope estimate is 1 6 (95% CI 0-2-3 1) % perf-year/ml.

Lower gastrointestinal tract
The risk for cancer (deaths and incidence) in the
lower gastrointestinal tract (colon and rectum)
showed no relation with duration of employment. A
significant dose response relation was, however,
found between cumulative exposure and mortality
(table 4 and fig 3), and a tendency towards such a
relation for morbidity with a similar estimate of slope
(1 2 (95% CI= -0 2-2 6)% increase each f-year/ml;
p=0 11, two tailed test). The relative risk for mor-
tality (table 4) was significantly greater than one in
the highest () 40 f-year/ml) exposure group (mor-
bidity, RR=2-8 (95% CI=0 98-8&2), where all but
one of the cases were verified by histopathological
review.

Mortality (table 4) and morbidity from all malig-
nancies increased with increasing dose (morbidity,
0-7 (95% CI=0 2-1-3)% increase each f-year/ml),
but not with years worked. The association disap-
peared when all respiratory cancers and colorectal
cancers were excluded.
The overall mortality showed no relation with

duration of employment or dust exposure; neither
did heart disease (coronary and unspecified).

Discussion
EXPOSURE
The assessment of exposure in this study was diffi-
cult because of three factors-namely, incomplete
work histories, the conversion from particle to fibre
counts, and the lack of dust measurements for the
period 1907-55.
Work histories could not be obtained for 22% of

the workers, and only the first assignment was known
for some others; this was not considered likely,
however, to cause spurious positive dose response
relations.

Conversion from particle to fibre counts was
inevitable, as both methods were used in different
periods and a transformation was necessary to apply
the experience of past exposure to present working
conditions, where levels are measured as f/ml. As no
general constant for conversion existed within bran-
ches or even within a plant,"'0 each site and period of
work was transformed separately. The factors used
were compatible with those used in another Swedish
asbestos cement factory," but lower than those in
mining,9 textile,8 and some other asbestos cement
plants.'° We did not adjust for the fact that present
rules of filter preparation and fibre counting were
likely to give approximately 30-50%0 (Cherilyn Till-
man, personal communication) higher concentration
than fibre counts made before 1978.

Before 1942 the real exposure may have been
greatly underestimated for some tasks, but workers
engaged in these operations constitute only a small
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fraction (5-10%) of the total cohort. Further, our

approximation of exposure is supported by the fact
that a similar pattern of dose response relations was
seen in'the group that only started employment after
1941. We estimate that the assigned dust concentra-
tions 1942-77 are, on average, accurate within a

factor of two, but may be too low for some workers
(millers,. mixers, sawyers, and grinders). These
workers were compared, however, with those not
known to have performed these tasks, and did not
show a higher risk than the others (data not presen-
ted).
Our exposure estimates are similar to those found

in some studies of asbestos cement plants,"" but
lower than in others.""4 A possible explanation of
high estimates is a predominance of stationary
(instead of more relevant personal) sampling in
earlier periods interpreted without consideration of
time weighted averages; even when comparing
measurements in these other factories by related
methods in the same periods and in manufacture of
similar products our exposures were still lower,
probably due to differences in technology. The
median estimated cumulated exposure was low; this
favours assessment ofrisks at low doses, but provides
low power with regard to high exposure effects.

TOTAL MORTALITY
An increased overall mortality was found. This is in
accordance with other studies"'6 but in these, the
exposure was much higher. We found no dose
response pattern; hence this result must be inter-
preted with caution. Our study is sensitive, however,
due to the choice of industrial workers as a reference
cohort and a long observation period. The increase
was also confirmed in a comparison with the popula-
tion in the region (M Albin et al, Proceedings of the
VIIth International Pneumoconioses Conference.
Pittsburgh, August 1988).

NON-MALIGNANT RESPIRATORY DISEASE
The mortality from all non-malignant respiratory
disease was, surprisingly, increased in all exposure
categories when compared with the referents. This is
not in agreement with earlier data on dose response
for mortality from, or for clinical findings indicating
asbestosis.9 Cumulative doses from five to 30 f-years/
ml" and 20 f-years/ml'8 respectively, however, have
been found to induce an increased score of histo-
logically verified pulmonary fibrosis. The main risk
for the group of non-malignant respiratory diseases
was (in contrast to the malignancies) confined to the
early observation period, where the imprecision in
the individual dose assessment was greatest. This
might have contributed to an arbitrarily even risk
over the exposure strata, and thereby the increase in
the lowest exposure category. Considering the dose
response for histopathological fibrosis the raised risk

from approximately 15 f-years/ml could tentatively
be explained by fatalities from intercurrent infec-
tious diseases in compromised hosts. This would also
provide a possible explanation for the pattern of
decreasing risk with calendar time.

RESPIRATORY CANCERS
An increased mortality and morbidity from res-
piratory cancer were found. The increases with
duration of employment were higher than those
usually reported for the asbestos cement in-
dustry, "11 2 but were lower than in one study.'3 The
increase in risk with every f year/ml was higher than
the estimate of lifetime risk for respiratory (meso-
thelioma and lung) cancer from chrysotile exposure
only, given by Doll and Peto.'9 If mesotheliomas
were excluded there was a numerical increase (but
with a wide confidence interval; 10 reference cases).
This agrees with a comparison with the general
population where a statistically verified risk of the
same magnitude was found (M Albin et al).

MESOTHELIOMAS
The diagnosis of mesothelioma is controversial. In
our opinion the diagnosis must always be based on
light microscopy with a histopathological pattern
acceptable as an epithelial, mixed, or fibrous meso-
thelioma. Immunohistochemical examination has
been used by several authors to distinguish meso-
thelioma from metastatic adenocarcinoma, as meso-
theliomas as well as adenocarcinomas are immuno-
reactive with cytokeratin; CEA is positive with most
adenocarcinomas, but only occasionally with
mesotheliomas.'0" All cases presented here were
negative for CEA. A high proportion of the meso-
theliomas were mixed (eight out of 14) compared
with 30% in consecutive mesotheliomas at Lund
University Hospital.
Dose response relations for mesothelioma were

established both with duration of exposure and
cumulative dose, when compared with the referent
cohort. As latency time has been shown to have a
strong effect on the risk for pleural mesothelioma,'9
these results could possibly have been an effect of
latency alone. A dose response relation was also
confirmed, however, after taking the effect of latency
time into account in the internal case referent study.
In this study every f-year/ml of exposure 40 years or
more before the diagnosis, had a major impact on the
relative risk. The mesotheliorma rates in the highest
exposure categories correspond to lifetime risks of as
much as 5-10%. These rates are compatible with
those found in cohorts of insulators,'6 asbestos fac-
tory workers," and two other cohorts of asbestos
cement workers.3 14 They are, however, considerably
higher than those reported for other asbestos cement
plants.'21112
The high rate of necropsies in the cohort (64%)
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enhanced the possibility of detecting and verifying
cases ofmesothelioma. This might explain part ofour
high mesothelioma rate compared with cohorts with
a low rate of necropsies (and preserved tissue for
review), or where no histopathological review has
been performed; although in the study by Newhouse
and coworkers necropsy reports and histological
material were reviewed in about half of the deaths in
the follow up.22
Mesothelioma is mainly associated with amphi-

boles. Manufacture of asbestos cement products is
usually based on chrysotile supplemented with
amosite and crocidolite in amounts that vary between
plants and over time, often without full retrospective
information. Evaluation of risk in relation to fibre
type from exposure histories only is therefore dif-
ficult. A definite difference in amphibole use was
found only between one ofthe asbestos cement plants
with a low mesothelioma risk"2 and the plant we
studied. Exposure to commercial amphiboles
(amosite and crocidolite) may have occurred in all our
cases, although these constitute only a small fraction
of the total exposure to asbestos. Concomitant to
chrysotile, there was exposure to tremolite which has
been associated with mesothelioma in other studies.23
Lung tissue from seven of the mesotheliomas was
examined with transmission electron microscopy for
mineral fibre content, and had much higher
crocidolite and also higher total asbestos and
tremolite counts when compared with matched non-
exposure cases from the cohort (M Albin et al).
We found no peritoneal mesothelioma. It is well

known that the relation between pleural and peri-
toneal mesotheliomas varies widely between study
groups, even when tissue review has been per-
formed.24 It has been argued that peritoneal
mesotheliomas are linked mainly with intense and
prolonged exposure.24 Thus in a study of the mineral
fibre content in lung tissue the asbestos counts
among cases of peritoneal mesothelioma were twice
as high as among cases of pleural mesothelioma.25
The predominance of pleural mesotheliomas in our
study could, therefore, be due to the comparatively
low cumulative exposure.

GASTROINTESTINAL CANCER
No overall excess risk from cancer in the upper or
lower gastrointestinal tract was found in the exposed
cohort. Nevertheless, dose response relations were
found between colorectal cancer and cumulative
dose, with an estimated increase each f-year/ml ofthe
same magnitude as that for respiratory cancer. To
exclude misdiagnosed peritoneal mesotheliomas, the
histopathological material was reviewed, but no case
of certified or probable mesothelioma was found.
High social status is known to be positively related

to cancer in the colon and rectum,' but the two
cohorts were selected to be comparable from this

aspect. Diet (high fat intake and low fibre content),
low physical activity,' and exposure to stainless steel
dust' may be risk factors but we have no reason to
assume that they differed between the cohorts.
Workers exposed to cement have been reported to

have an increased risk for stomach cancer.?0 In the
same study an excess of rectal cancer was found in
one group ofworkers, but there was no suggestion of
a dose response relation. Moreover, in a case referent
study of colorectal cancer, there was an over-
representation ofcement workers (K Jakobsson et al,
unpublished data). Thus the present overrisk of
colorectal cancer in highly exposed workers might be
due to cement exposure. There are, however, several
other studies of asbestos cement workers,2""'i in
which there was no increase in colorectal cancer.
There are indications of an increased risk of colo-
rectal cancer from asbestos. Among workers in
chrysotile mines who have no concomitant cement
exposure, dose response relations were found be-
tween cumulated dust exposure and cancer of the
colon and rectum, albeit with a flatter slope.0 The
differences in the slopes may tentatively be explained
by a combination of asbestos type (some
amphiboles), fibre treatment (disintegration of fibre
bundles by milling, possibly causing a higher propor-
tion ofsubmicroscopic fibres), and the absence in our
study, due to relatively low exposure, of lung cancer
as a major competitive cause of death.
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